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Abstract 
  
The presented work presents the influence of graphite particles on the solidification kinetics of metal suspension based on AlSi10Mg 
alloy during the die cavity filling. In order to examine this problem, the measurements concerning temperature changes in the selected 
points of the metal mould have been taken for two materials poured into the die: the pure AlSi10Mg alloy and the alloy reinforced with 
graphite particles. Thus the solidification and cooling curves of the examined material have been achieved. The recorded temperature 
changes have served as a basis for preparing graphs representing the velocity of the metal stream and the distance travelled by the front of 
the stream against the time. The introduction of graphite particles into the matrix alloy has caused the shortening of the distance flown by 
the material by 50% as compared with the non-reinforced alloy. The recorded temperature changes have allowed also for determining the 
temperature changes for the front of the metal stream during the die filling. Taking into account these results it has been found that the 
AlSi10Mg+10%Cgr composite begins its solidification after having covered the distance seven times shorter than the corresponding 
distance measured for the non-reinforced AlSi10Mg alloy. 
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1. Introduction 
 
The necessity of searching for new materials, particularly for 
mechanical engineering, automotive, and aircraft industry, which 
would exhibit better service performance and higher durability, 
have inspired the researchers to study carefully the abrasive wear 
resistance of metal matrix composites. Two groups of abrasive 
wear resistant composites can be distinguished, depending on the 
matrix and the reinforcement types [1-3]: the composites 
exhibiting high abrasive wear resistance along with the high 
coefficient of friction and the composites of high abrasive wear 
resistance and low coefficient of friction. The reinforcing phase 
for the first group consists of hard carbides, oxides, or nitrides, as 
SiC, Al2O3, ZrO4, while the low coefficient of friction is achieved 
by introducing graphite, mica, or lead. The observed trend of the 
construction weight reduction results in applying of light Al, Mg, 
or Ti alloys for composite matrices. 
Introduction of ceramic particles into the liquid metal matrix 
brings on the overall change in the solidification conditions of 
such a system as compared with the solidification of pure alloy 
[4-6]. The presence of ceramic particles in the molten metal 
changes its solidification kinetics due to the change in 
thermodynamic and physical conditions within the solidifying 
suspension [7, 8]. Not only the parameters related to the thermal 
properties of metal are influenced, but also the rheologic 
properties of the flowing alloy, such as its viscosity or the velocity 
of suspension flow, are changed. The ceramic particles can act as 
nucleation bases, as well as can interact with the crystallization 
front, being engulfed or repelled, depending on the particle size 
[9, 10]. These phenomena can induce segregation of particles and 
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arising of reinforcement clusters. The complexity of phenomena 
taking place while the mould cavity is filled with composite 
suspension contributes to the fact that the suspension flow and 
solidification processes are still waiting for the comprehensive 
description. There exists many publications describing various 
crystallization mechanisms, however the authors are still of 
different opinions with regard to the solidification mechanisms 
which are active during flow of metals and alloys, not to mention 
composite suspensions [11-13]. The experiments in this field are 
difficult, but only the experiments can give the reliable results, 
despite the still more popular trials of computer modelling of 
every process. These simulations often does not include many 
parameters influencing the solidification and they introduce many 
simplifications so that the erroneous results can be obtained 
[14-16].  
 
2. Methods and results of examination  
 
The AlSi10Mg alloy exhibiting an advantageous 
combination of both casting and strength properties has been 
selected as the matrix alloy, and graphite particles of size ranging 
from 71 μm to 100 μm, added in the amount of 10%, have been 
used as the reinforcement. The examination of solidification 
during flow has been performed by means of the bar test (for 
∅ 8 mm bar) used for evaluating the castability of alloys. This 
examination has been carried out both for the pure matrix alloy 
and for composite suspension. To perform the test, the laboratory 
measurement stand has been prepared: a metal die has been 
equipped with NiCr-Ni thermocouples of 0.3 mm diameter 
arranged at intervals of 15 mm. Both the arrangement and the 
quantity of thermocouples have been determined on the ground of 
previous examinations. The temperature has been recorded by 
means of the PCL-818 computer laboratory measurement card of 
sampling frequency equal to 100 kHz [17, 18]. The laboratory 
stand is presented in Fig. 1. 
 
 
Fig. 1. The measurement stand for recording the temperature in 
the selected points of the die cavity 
 
The molten metal has been overheated to the temperature of 
923 K and poured into the die. Simultaneously, the temperature 
changes at the selected points of the metal mould have been 
recorded. An exemplary image of the recorded temperature 
changes at the selected points of a mould is shown in Fig. 2. 
The length of the obtained bars has been different for the two 
types of cast material and has been equal to either 60 mm for the 
composite or 120 mm for the matrix alloy, what is indicated in 
Fig. 3. 
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Fig. 2. Cooling and solidification curves for AlSi10Mg alloy 
recorded during the experiment 
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Fig. 3. The lengths of bars cast of the composite (1) and of the 
AlSi10Mg alloy (2) 
Figures 4 and 5 represent the initial parts of the recorded 
temperature diagrams for the composite (Fig. 4) and the pure 
matrix alloy (Fig. 5). 
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Fig. 4. The initial part of diagram of flow and solidification of the 
AlSi10Mg + 10%Cgr composite filling the die cavity  ARCHIVES OF FOUNDRY ENGINEERING Volume 11, Issue 2/2011, 75–78  77
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Fig. 5. The initial part of diagram of flow and solidification 
of AlSi10Mg alloy filling the die cavity  
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Fig. 6. Changes of the distance covered by the flowing and 
solidifying composite and AlSi10Mg alloy  
As it can be seen in Fig. 6, the length of a bar cast of 
composite material is equal to the 50% of the length of the bar 
made of the pure matrix alloy. The time of pure matrix alloy flow 
before the arresting of the suspension stream in the die is equal to 
0.85 s, whereas for the composite it is shorter and equal to 0.60 s. 
The velocities of pure metal and of composite suspension 
stream flowing in the permanent mould are different. The average 
velocity of the pure matrix alloy filling the die is 150 mm/s, while 
the composite suspension reaches the average velocity of 
100 mm/s. The velocity profile of the flowing pure matrix alloy is 
a little disturbed. It is caused probably by suppressing the flow 
within the gating system. This phenomenon is not so distinct for 
the case of composite suspension due to its less turbulent flow 
caused by its greater viscosity, as compared with the non-
reinforced alloy. It has been noticed for both cases that the 
velocity of flow drops rapidly down after achieving the average 
value. 
The measured values of temperature changes of the alloy 
filling the mould cavity have served for calculation of the covered 
distance (Fig. 6) and the momentary velocity of flowing medium 
as a proportion of the distance increment to the time increment 
(Fig. 7) for both the composite and the pure matrix alloy. 
 
0 1 02 03 04 05 06 07 08 09 0 1 0 0 1 1 0 1 2 0
Distance [mm]
0
20
40
60
80
100
120
140
160
180
V
e
l
o
c
i
t
y
 
[
m
m
/
s
]
AlSi10Mg+10%Cgr
AlSi10Mg
 
Fig. 7. Changes of momentary velocity of flowing and solidifying 
composite and AlSi10Mg alloy  
 
As the moving front of the metal stream meets the 
subsequent thermocouple junctions, the measuring card records 
this moments of time and the corresponding temperature values. 
The obtained data have allowed for determining the solidification 
curves, and the curves – in turn – have been used for establishing 
the temperature curves of the front of either the flowing matrix 
alloy or the flowing composite. Such curves for either AlSi10Mg 
alloy or composite suspension filling the die are presented 
in Fig. 8. 
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Fig. 8. The temperature of the front of the flowing stream of the 
examined composite and AlSi10Mg alloy poured into the die  
The diagram in Fig. 8 shows that the flow accompanied by the 
simultaneous solidification of pure matrix alloy poured into the 
die begins after the alloy has travelled the distance of about 
57  mm, i.e. about seven times longer than the corresponding 
distance recorded for the composite suspension (8  mm). The 
distance flown farther along the die cavity by the already 
solidifying pure matrix alloy is equal to 63 mm, while the 
corresponding distance for composite suspension the is 52 mm. It 
is also interesting that the flow of AlSi10Mg alloy along the die 
stops when the temperature of metal drops down to 540 °C, 
whereas for the alloy reinforced with graphite particles the ARCHIVES OF FOUNDRY ENGINEERING Volume 11, Issue 2/2011, 75–78  78 
temperature of metal arresting is much lower and equals to 470°C. 
The diagram in Fig.  8 shows also the influence of graphite 
particles on supercooling of the solidifying and cooling alloy. 
According to Fig. 8, the supercooling of the pure matrix alloy 
equals to 20°C, while for the AlSi10Mg+10%Cgr composite 
suspension it reaches 50°C. These results can suggest different 
solidification mechanisms for the cases of pouring either pure 
alloy or the suspension containing graphite particles into the die.   
 
3. Conclusions 
 
1.  The composite suspension containing 10% of graphite cast in 
the metal mould has exhibited the castability, measured as the 
achieved length of the cast bar of 8 mm diameter, decreased 
by 50% as compared with the castability determined for pure 
AlSi10Mg alloy. 
2.  The time of flow of the alloy before its final arresting is 
slightly different for these two cases; it has been equal to 
0.85 s for the non-reinforced matrix, while for the composite 
suspension it has been 0.65 s. 
3.  The influence of graphite particles on the solidification 
process result in the increase in supercooling for the alloy 
reinforced with graphite, for which the supercooling value has 
reached 50°C, while for the pure matrix alloy the 
supercooling measured in the die has been equal to 20°C. 
4.  Casting of both AlSi10Mg alloy and the composite 
suspension in the permanent mould has revealed that the 
average velocity of pure silumin flow is 150 mm/s, while for 
the flowing composite it is 100 mm/s. 
5.  Solidifying of composite suspension begins after the metal 
has covered a distance by seven times shorter than it has been 
for the alloy without particles. 
6.  The section of the flown distance along which the 
simultaneous flow and crystallization occurs, is different for 
the non-reinforced alloy (63 mm) and for the composite 
(52 mm). 
7.  The temperature at which the alloy flow is arrested is 
significantly different for the AlSi10Mg alloy and for the 
composite. For the AlSi10Mg alloy this temperature is equal 
to 540°C, whereas for the composite it is 470°C. 
8.  Taking into account the performed examinations, one can 
suppose that graphite particles actively influence the 
composite solidification process. They can affect nucleation 
and change the coefficient of heat transfer between the 
solidifying metal and the die. 
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